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Daya Bay design sensitivity: sin?26;3 < 0.01 (90%CL)

Short-baseline Reactor 7, is a disappearance experiment:
P (Ve — Ue) m 1 —sin® 2013 sin*(1.27Am2, L/E)
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Chooz: Best experimental limit on 013
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Getting to sin” 263 < 0.01

m Increase statistics: 4x 20 ton
target at far site, 11.6 GWy,
(17.4 GWyy, in 2011).

1 GWy, = 2 x 1007, /s

m Suppress cosmogenic
background: Go deeper.

m Reduce systematic
uncertainties: Deploy
“identical” near/far detector
pairs.

m Optimize baseline
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detection method

m Inverse-beta decay: v.p — etn
m Target: 0.1% Gd-loaded Liquid
Scintillator
4r
nGd — Gd* — Gd + 7s(8 MeV) 0 90 i 7
i F (c) v,0 (Arbitrary units) M=y
m ~ 3015 mean neutron capture time s @ © S
E [ 241py
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powerful background rejection 8 °F
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spectrum

Prompt Interaction
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Anti-neutrino Detectors (ADs)

m 8 identical detectors: Reduce

systematic uncertainties Calibration  Steel tank

m Each detector 3 nested cylinders:

Inner: 20t GdLS? (d=3m) T

Mid: 20t LS? (d=4m) Mineral oi

Outer: 40t mineral oil (d=5m  Liuid Scint.
m 192 8-inch PMTs/detector oredLs 5m
m Top/bottom reflectors $macrylc tonk
m Provides 12%/+/E(MeV) energy 4macrylic tank

resolution

2GdLS=Gd-loaded Liquid Scintillator
b .S=Liquid Scintillator
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Cosmic veto and shielding

m Water Cerenkov

. RECassembly m Multiple muon veto detectors
-
g

Muon PML m ADs submerged in water
(> 2.5m shielding)

m Inner/Outer regions
optically separated by
Tyvek sheets

m 8-inch PMTs on frames
(289/near, 384 /far site)

m RPC: Provides independent
veto above water pool

AD installation

<
|
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Reducing systematic uncertainties

Reducing systematic uncertainties

Detector Chooz

Uncertainty Source Baseline Goal Experience
Number of protons 0.3% 0.1% 0.8%
Energy cuts 0.2% 0.1% 0.8%
H/Gd ratio 0.1% 0.1% 1.0%
Detection | Time cut 0.1% 0.03% 0.4%
Efficiency | Neutron mult. | 0.05% 0.05% 0.5%
Trigger 0.01% 0.01% 0.01%

Live time < 0.01% | < 0.01% < 0.01%
Total Uncertainty 0.38% 0.18% 1.7%
Two detector One detector
relative absolute

uncertainty

uncertainty
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Reducing systematic uncertainties

Requirements on systematic uncertainties

Ne (M) (5)2 (3> P(Ls, E; sin? 20;3)
Nn h Np’n Ln €n P(Ln, E;sin2 2(913)

Measured o _
ratio of Number of Efficiency ratio
rates protons

m Attain < 0.3% on proton ratio by monitoring
filling mass with load cells(accuracy < 0.02%) and

] Coriolis mass flowmeters(accuracy < 0.1%).

—  Fill ADs in pairs.

m Attain < 0.2% on efficiency ratio with calibration

40 Ton
Mixing tank
By &3
Near
+—
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Reducing systematic uncertainties

Detector efficiency

Reconstructed Positron Energy Spectrum

Simulation: Achieving 0.2% eff'y

%:;Mev‘mm smeviiee 3 Systematic, implies knowing e™ threshold
o 'r “ to 2% (easy) and relative neutron

o / threshold to 1% (more difficult)

* | : m Positron energy cuts at 1 & 8 MeV.

R R S Calibrate e threshold with %8Ge

. rﬂCunshchhdnalJ{mn(dnlarod)mptngmnurgylpuﬂmm Source
g0 '
el m Neutron capture energy cut at 6
o MeV. Calibrate with spallation nGd
- capture over full fiducial volume +
o weekly deployment of AmC source

e A on 3 vertical axes.

Recon. Energy (MeV)
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Background

Background processes and rates

Background due to natural radioactivity & cosmic ray interactions

Muon interactions in the LS produce °Li/®He.
A 37, n emitter with Q=13 MeV, 7=0.178s. . .«

Expect bkgd/signal ~0.003. Can be measured :°* Doy

with data (NIMA564(2005)081801). 271 A e
Muon interactions outside AD in water and

rock produce “fast” neutrons that interact in 01

GdLS, LS. Expect bkgd/signal ~0.001. Can

estimate rate from data and simulation. R R RN
Accidental coincidences of radioactive Oscillation signal for

background with cosmogenic background. sin226;3 = 0.01

Expect bkgd/signal ~0.003. Calculable from
observed singles rates.
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Optimize baseline

Optimize baseline

2 2
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Expected sensitivity

Expected sensitivity

90% CL limit on sin? 265 assuming baseline systematics
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Expected sensitivity

The Daya Bay Collaboration
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Schedule

Status

Nov07 Began civil construction

Aug08 CD-3b Approval

Mar09 Occupancy of onsite assembly building

inter09 Install AD pair in Daya Bay near site

interl0 Begin data taking with near and far
sites
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Other physics with Daya Bay

Possible non-f,3 topics

B EoBEN

BN

v decay (appearance measurement)

CPT violation via sidereal variations in IBD rate
atmospheric  and upward-going muons
supernova detection

precise determination of reactor spectrum

neutron (and alpha) emission after ;= capture: multiplicity
and/or energy spectra

measurement of muon spallation products at three depths
cosmic ray air showers

cosmic muon charge ratio

David E. Jaffe for the Daya Bay Collaboratior Quest for 013 17 Dec 08

16 / 22



The last slide

m The Daya Bay Reactor Neutrino Experiment will be able to
provide the most accurate measurement of sin? 26,3 in the next
few years.

m The experiment is being funded. Civil construction and detector

fabrication is progressing.

— -

See hep-ex/0701029 for more details.
Many thanks to my Daya Bay collaborators for their help in preparing this

presentation.
David E. Jaffe for the Daya Bay Collaboratior Quest for 013 17 Dec 08 17 / 22



Intentionally blank
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Prototype Antineutrino Detector Performance

2-zone Prototype at IHEP
+ 0.5 ton unloaded LS

-+ 45 8" PMTs with reflecting top and bottom

n—
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Prototype filled with 0.1% GdLS

IHEP Prototype Filled With 0.1% 6d-LS

Pu_C_neutron

| Entries 2756682

Mean 1675
RMS 8435

500 2000 2500 | 3000 00 4000
Total photon electrons detected

SMEY

P.E.

8 MeV
(neutron captured  (neutron captured
by &d)
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Cancellation of Flux Uncertainty with Multiple Reactors

Q: Cancellation 7, flux uncertainty with multiple reactor sites?

A: Deweight the oversampled cores by a factor a:

Nearl Near2
Ratio = a=g£= + “£&;

o= (L5Le) " = (Lo L3e) !
(L3 L56) 1 = (LpL3p) !
For 4(6) cores, a = 0.34(0.39) and 2%
reactor flux uncertainty is reduced to
/T 0.035% (0.1%). Slightly more
Ly Lz complicated expression if flux/reactor

differs.
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Sensitivity of rate and shape analyses

Rate and spectral
distortion for
' 5in22043=0.01 T

Am>(x107eV?)
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